The function of hormones during the economic decision making process by Manesidis, George
 School of Economics and Business 
Administration 
MSc in Banking and Finance 2012-2013 
 
The function of hormones during 
the economic decision making 
process 
 
 
November 2013 
George Manesidis  
ID number: 1103110017 
Thesis supervisor: Professor Christos A. Alexakis 
 
 
 
The function of hormones during the economic decision making process 
 
 
2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Declaration of originality 
 
I hereby declare that this thesis is original and entirely my work. Sources and 
references are cited at the end.  
 
……………………………………… 
George Manesidis   
The function of hormones during the economic decision making process 
 
 
3 
 
Abstract 
  
The purpose of neuroeconomics is to explain human economic DM by 
illustrating how economic behavior shapes our understanding of the brain and how 
discoveries can constrain and guide models of economics. The fulfillment of this 
purpose requires a multi-stepped implementation.  One of the steps is to understand 
the effects of hormones on economic choices, a process here discussed. Firstly, there 
is an assessment of the essential cognitive feedback on hormones whereby the 
hormones involved in the economic DM process are described. These are cortisol, 
oxytocin, testosterone, vasopressin, progesterone and estradiol.  Secondly, scientific 
experiments are analyzed to provide an insight into the effects of these hormones.  For 
instance, cortisol is associated with volatility, uncertainty and increased risk-aversion 
while the “bonding” hormone oxytocin is associated with generosity, cooperation, 
reciprocation and in-group conformity. Testosterone is correlated with increased risk-
seeking, reciprocation and exploitation of signs of cooperation, whereas its female 
competitor, progesterone, is associated with increased generosity and cooperation - 
this occurs only in women. Even though vasopressin stimulates reciprocation more 
than oxytocin, evidence shows that it may inhibit oxytocin release and thus restrict its 
effects.  Further, risk-aversion in loss domains is found to be correlated with the 
release of the estrogen estradiol.  Finally, fMRI evidence depicts the fact that 
fluctuations in activation of ACC, amygdala and caudate nucleus are connected with 
oxytocin, whilst vasopressin affects the functional connectivity of amygdala with 
insula, ACC and TC. 
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Structure 
This dissertation is divided into five sections.  Section one sets out the 
objectives and introduces the subject.  Section two provides the theoretical framework 
and defines the research parameters; it describes the signaling process, hormonal 
classifications and introduces the hormones examined.  Section three delves into 
experiments carried out to study hormonal function.  Section four examines the 
interpretation and correlation of research results with the information provided by the 
theoretical framework. Finally, section five is the conclusion outlining the results of 
the effects of hormones on economic choices. 
 
Significance 
 It is hoped that this dissertation will make a positive contribution to the 
existing literature. It may provide a platform to inform future research and the 
summary of the effects of hormones on economic choices can afford a solid ground 
for elaboration.  It is also hoped it is a useful piece of research as understanding the 
effects of the endocrine system on economic choices is considered one of the building 
blocks of neuroeconomics.  
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Section one 
Aims and objectives 
 The aim of this study is to bring together, interpret and present the results of 
experiments exploring the effects of hormones on the economic DM process.  Further, 
the following questions will be examined:  Which hormones affect economic DM?  
What is the effect of each one on e-behavior?  How do these hormones affect 
cooperation and competitiveness and other economic requisites? Can hormones alter 
economic preferences?  Are any of these hormones able to predict future financial 
performance? 
Introduction 
The subject of this thesis falls within the field of neuroeconomics and 
considers the function of hormones during the economic DM process.  
Neuroeconomics is a fairly recent interdisciplinary science informed by neuroscience, 
psychology and economics.  It is a sub-category of behavioral economics as it strives 
to expand knowledge on human economic DM and explores how economic behavior 
can elucidate our understanding of the human brain.  It is seen as a subset of 
experimental economics because it draws its conclusions from the results of 
experiments testing formed hypotheses on human economic DM.  It is an exciting 
new sector that combines the theoretical knowledge of behavioral economics with the 
practical approach of experimental economics. 
One of neuroeconomics’ aims is to predict future economic decisions. There is 
a global push by neuroeconomists to replace the prevalent and unjustifiable rationality 
assumptions of neoclassical economic models with more realistic and testable 
hypotheses.   A pioneering work in DM was Maurice Allais' famous Allais’ Paradox 
(Allais, 1953).  Allais showed inconsistency of actual observed choices when 
compared with the predictions of EU theory. He argued that it is impossible to 
evaluate choices independently from other choices as claimed by the independence 
axiom and that EU theory does not adequately account for bounded rationality 
choices.  Allais' findings implied that either human beings were poor utility 
maximizers or that neoclassical economics' assumptions were imperfect. However, 
even the modification of these theories and the introduction of new ones, such as the 
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prospect theory (Kahneman & Tversky, 1979), did not affect much change in the 
status quo. Tanji and Evarts (1976) conducted the first single unit experiment in DM.  
In testing animals engaged in a basic DM task, they found that in response to arm 
movements, neurons were activated in an area in the primary motor cortex called M1.  
By combining Allais' theoretical groundwork with studies of the brain during DM, 
scientists found the impetus to take the first steps towards developing the branch of 
neuroeconomics.  
It is of vital importance to neuroeconomists, when identifying relevant brain 
parts, to investigate the role of hormones activated during economic DM.  Despite the 
newness of this field and the inevitable contentiousness of its findings, much progress 
has been made towards connecting hormones and patterns of economic behavior (Zak, 
Coates, etc.).  The initial progress was in response to the hypotheses suggesting that 
certain behavior forms can be attributed to imbalances of hormones in the body.  It is 
perhaps surprising that over two centuries ago, in 1787, Hunter put this theory to the 
test. He proved that unilateral ovariectomy did not affect the breeding ability of 
female pigs.  However, Hunter’s findings did not reveal any mechanism of hormone-
behavior correlation.  A few decades later, in 1849, Berthold compared the effects of 
removal versus removal and replantation of testes in young roosters.  He found that in 
contrast to the “removal group”, the “replantation” group managed to retain their male 
characteristics, indicating that as neural networks were deactivated testes were 
secreting a hormone into the bloodstream that was responsible for development 
(1981).  Using these ground breaking results as a basis there has been an 
unprecedented expansion in research.  
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Section Two 
Theoretical framework and parameters 
Hormones 
The term hormone, originally introduced by Bayliss and Starling (1902), 
defines a chemical element that travels around the body and influences physiology 
and behavior.  Later on (1921), Otto Loewi introduced the term “neurohormone” to 
describe the hormones the neurosecretory cells produced in the brain and the effects 
on cells far away from the hormonal secretion site. Nowadays, the definition is more 
straightforward: neurohormones are chemical substances produced by neuroendocrine 
cells glands or organs and contribute to the physiological function of the human body.  
The trials to determine the definition and origin of hormones have helped 
neuroscientists to define the way hormones are produced and secreted.  This is called 
signaling process (Lodish, Berk, Zipursky, Matsudaira, Baltimore, & Darnell, 2000) 
and consists of six steps: 
1. Biosynthesis of the hormone in the 
cell/gland/tissue 
2. Storage and secretion of the hormone 
3. Transduction of the hormone to the target 
cell 
4. Recognition of the hormone from the target cell’s 
receptor 
5. Relay and amplification of the signal until 
the completion of the signal transduction 
process 
6. Degradation of hormones 
Specifically, neuroendocrine cells, cells that receive electrical signals from 
neurotransmitters in response to stimuli, trigger the secretion of the hormones.  After 
secretion, their main role is to transport signals via the bloodstream to another cell or 
organ.  When the hormone reaches its target cell the second hormone activates its 
receptor, a molecule responsible for receiving out-coming chemicals.  Then the 
hormone acts in two ways: it either binds to receptors on the surface of the target-
Figure 1 – An illustrative view on the hormone 
secretion process 
Source: Farabee M.J. (2010), Estrella Mountain 
Community College 
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cells. consequently generating a secondary messenger, or binds to receptors inside the 
cell (Neave, 2008).  As soon as the hormone is connected to the receptor, the signal 
transduction process finishes and it activates a cell type-specific reaction.  This kind 
of discharge/secretion is called endocrine secretion (Norman & Litwack, 1997).  
Nowadays the definition of hormone has been extended beyond the blood-secretion 
process to include similar exogenous chemical compounds that are diffused across 
cell membranes.  In addition, the secretion of hormones can be stimulated and 
suspended by: 
1. Other hormones 
2. Neurons and mental activity 
3. Environmental changes 
4. High concentration of nutrients or ions in plasma 
 Hormones are responsible for various bodily functions.  A few are connected 
to sexual life, for instance sexual functions and the reproductive cycle. Others are 
assigned to controlling duties as they are responsible for the control of cell life span, 
the immune system and metabolism regulation.  Some are involved in more 
behavioral tasks such as the control of life stages and self-preservation reactions.   
These 'multi-tasking' hormones affect human behavior in an organizational or 
an activational way (Beach, 1975; Arnold & Breedlove, 1985).  The organizational 
effects are prenatal, permanent, occur only in “critical” periods, can alter the structure 
of the brain and are asymmetric to the sexes.  Conversely, the activational effects are 
postnatal, reversible, do not occur until neural circuits are fully structured, have mild 
neurological changes and are symmetric. 
Signal transduction systems 
Within the human body messages are constantly passed from one location to 
another. This transferring occurs in two different ways, the first of which, endocrine 
secretion, has been analyzed above.  The second way is via the nervous system (Bear, 
Connors, & Paradiso, 2007).  The nervous system consists of neurons, electrically 
excitable cells that transmit information throughout the body via electrical and 
chemical signals.  Depending on their role, they are divided into three categories: 
motor, sensory and interneurons.  Neurons are connected to each other via a 
specialized structure called a synapse.  In contrast to endocrine secretion where 
hormones are transferred, in a synapse communication an excited neuron releases a 
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chemical substance called neurotransmitter.  Dopamine and serotonin are two 
examples of such substances.  
It is important to distinguish between hormones and neurotransmitters because 
reference to these terms can become confusing.  Although they are both chemical 
compounds and both require receptors to function, they have essential semantic 
differences.  Hormones are released directly into the bloodstream by an endocrine 
gland.  The transmission speed is low, it is spread throughout the body and it is picked 
up by corresponding receptors.  Neurotransmitters are released from a nerve terminal 
by an electrical impulse into other neurons.  Their signal is transferred rapidly through 
fixed networks to precise destinations (Elias & Saucier, 2006). 
Classification of hormones 
 Hormones can be classified according to a range of parameters such as the 
type of chemical communication and chemical structure  (Elias & Saucier, 2006).  
The following are types of chemical communication:  
1. Synaptic communication - the neurotransmitter is released from a neuron to the 
target cell 
2. Autocrine communication - the hormone acts on the cell it is released from 
3. Paracrine communication - the hormone acts on nearby cells and it is transferred 
through plasma 
4. Endocrine communication - is the ordinary method of a chemical secretion. The 
hormone is released in the bloodstream, through which it reaches the target organ 
5. Pheromone communication - the hormone is released outside of the body and 
affects beings of the same species 
6. Allomone communication - the hormone affects beings of other species 
Hormones can be also classified depending on their signaling distance (near/ 
far) or the solution they are in (water/fat).  Based on hormonal chemical structure 
there are five main categories: 
1. Monoamines - derived directly from the amino acid tyrosine including thyroxine, 
adrenaline and noradrenaline 
2. Protein hormones - made up of short chains of amino acids including vasopressin, 
oxytocin and somatostatin   
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3. Polyamines - made up of long chains of amino acids including insulin, and the 
growth hormone 
4. Peptides - made up of short chains of amino acids mixed with glycoproteins, the 
latter being proteins linked with glucose molecules.  An example of this is the 
luteinizing hormone 
5. Steroid hormones - derived from cholesterol thus forming lipid soluble steroid 
hormones  including testosterone, cortisol, and estrogens 
Administration and quantification methods 
 To emphasize their effect, in some experiments, participants are given 
exogenous hormone levels.  The application can take the form of gels, tablets, trans-
dermal patches, suppositories but, in most cases, the hormone is administered via 
intranasal infusion.  
After an experiment hormonal levels are measured in three ways: 
1. Bioassay - is the process where endocrine glands are weighted or the physical 
features that result from endocrine action are measured 
2. Radioimmunoassay - is the extremely sensitive procedure through which minute 
amounts of biologically active hormones are measured by the expressed percentage 
of the binding or the inhibition of binding of a radio-labeled hormone to an 
antibody 
3. Salivary analysis - is the most widely used method of hormone measurement as it 
is inexpensive and easy to apply.  It is the procedure during which saliva samples 
are taken from humans beings to express the amount of biologically active 
hormones (Gröschl, 2008) 
Production and secretion sites 
 As already mentioned, the second step of the signal transduction process is the 
production and secretion of the hormone.  This process is controlled by the 
hypothalamus, a brain part which acts as the control center of the autonomous nervous 
system located at the center of the brain below the thalamus. The hypothalamus, when 
it is not producing hormones, takes a lead in the first steps of the production process 
(Fauci, et al., 2008).  On completion of the hypothalamus' action the endocrine glands 
move into the center stage of the secretion process.  Only four of the glands associated 
with the secretion of hormones affect economic choices.  
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The first is the pituitary gland, a pea-sized part of the endocrine system 
situated just below the hypothalamus, attached to it by nerve fibers.  Its main 
functions are to control growth, blood pressure, body temperature and regulate pain 
relief.  The pituitary gland is also known as the “master gland” as it is responsible for 
the secretion of hormones that regulate the function of all the glands in the human 
body. It also secretes cortisol and testosterone, two of the six hormones regulating 
economic decisions (Boron & Boulpaep, 2009).  
The second is the adrenal glands, two 
triangle-shaped endocrine glands located just 
above the kidneys.  Beyond their role in stress 
management, water-balance and metabolism, 
they are also responsible for the secretion of 
four of the six hormones that regulate 
economic decisions: oxytocin, vasopressin, 
progesterone and estradiol (Ehrhart-Bornstein 
& Hilbers, 1998).  
 The third is the ovaries in females and 
the testes in males. The ovaries secrete 
progesterone and estradiol while testes secrete 
testosterone (Nussey & Whitehead, 2001).  
Figure 2 – The major endocrine glands 
Source: National Cancer Institute 
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Section three  
Basic hormonal functions and their effects   
Important hormones 
The six hormones linked with economic DM are cortisol, oxytocin, 
testosterone, vasopressin, progesterone and estradiol.   
Cortisol 
Cortisol (or hydrocortisone), produced by the adrenal glands, belongs to a 
specific group of steroid hormones called glucorticoids. The secretion process is 
triggered when a person feels emotional or physical stress, consequently known as the 
“stress” hormone.  In the case of emotional stress, the hypothalamus directs the 
pituitary gland to send adrenocorticotropic hormone (ACTH) to the adrenal gland 
which is stimulated to produce cortisol.  But in the case of physical stress, ACTH is 
produced without the involvement of the hypothalamus (Davies, Kenyon, & Fraser, 
1985). 
Cortisol functions mainly as a blood sugar and blood pressure controller, as a 
suppressor of the immune system, as an anti-inflammatory, anti-allergic agent and it 
also metabolizes carbohydrates, fat and protein (Marieb & Hoehn, 2010).  Excessive 
production of cortisol, hypercortisolism, can lead to Cushing’s syndrome causing 
significant body changes – fat rests on the trunk, face and back of the neck, arms and 
legs become too thin and skin becomes fragile and full of stretch-marks (Kumar, 
Abbas, & Fausto, 2005).  Conversely, insufficient production of cortisol, hypo-
cortisolism, can cause Addison’s disease which includes postural hypotension, 
fatigue, weakness, anisomeric skin pigmentation, and a poor immune system. (Ten, 
New, & Maclaren, 2001). 
Oxytocin 
 Oxytocin is a polypeptide hormone secreted by pars nervosa, the dorsal part of 
the posterior pituitary gland.  It differs from other hormones as it lies within the 
subcategory of neurohormones, a term coined by Otto Loewi (1921).  It describes the 
hormones produced by neurosecretory cells in the brain that affect cells away from 
the secretion site of the hormone. Sensory neurons, in order to convert external 
environmental stimulus to internal, encourage nerve cells to produce oxytocin in the 
hypothalamus. Subsequently, the neurons send their projections to the posterior 
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pituitary gland where oxytocin binds to a substance called neurophysin I.  As soon as 
the binding process is completed, this mix of oxytocin and neurophysin I is secreted 
through the posterior pituitary into the bloodstream, via which it reaches its target.  
This is known as neuroendocrine secretion.  Alternatively, it can be directly 
transported to other brain parts and then attach to receptors influencing physiology 
and behavior (Brownstein, Russell, & Gainer, 1980).   In addition to its natural way of 
production oxytocin has been biochemically synthesized since 1953.  Two years later, 
Vincent du Vigneaud, the first scientist to synthesize oxytocin, received a Nobel Prize 
in Chemistry. 
 Female production of oxytocin plays an important role in uterus contractions 
during childbirth and breastfeeding while when produced by males in the production 
of testosterone and sperm movement (Lee, Macbeth, Pagani, & Young, 2009).  It is 
also known as the “love” hormone as there is a correlation with trust and bonding 
(Pfaff, Arnold, Etgen, Fahrbach, & Rubin, 2009), and the possibility of its use in the 
treatment of autism is now being explored.  Currently, it is unclear how an oxytocin 
imbalance affects human beings. What is certain is that high amounts of oxytocin are 
linked with prostatic hyperplasia while low amounts are linked with autism, 
Asperger's syndrome and depression. 
Testosterone 
 Testosterone is a steroid sex hormone found in large amounts in males and 
lesser in females. The production of testosterone starts during puberty and is mediated 
by the male hypothalamic-pituitary-adrenal axis (HPA). HPA axis slightly differs 
between males and females. Generally, the HPA is a complicated set of direct 
interactions and feedback between these three organs.  Speaking of the male HPA axis 
and specifically testosterone production and secretion, each time the testosterone level 
is low, the hypothalamus releases gonadotropin-releasing hormone (GnRH) which in 
turn stimulates the pituitary gland to secrete luteinizing hormone (LH) and follicle-
stimulating hormone (FSH).  Then, these two hormones stimulate the Leydig cells in 
males and interstitial cells of the ovaries in females to produce testosterone until it 
reaches a certain threshold.  Leydig and interstitial cells produce 95% of the total 
testosterone; the remaining 5% is synthesized by the adrenal glands. 
 Nevertheless, not all the testosterone produced by the human body is used as 
96% is eliminated by the liver and discarded through the kidneys.  Even the 4% 
remaining cannot be utilized. 44% of this 4% binds tightly to a protein called sex 
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hormone-binding globulin (SHBG), which is biologically inactive testosterone as it 
cannot be separated for use by human cells.  54% binds loosely to another protein 
called albumin, which is biologically active testosterone as it can be separated for use 
by cells.  The final 2% is free testosterone that does not bind to other molecules and is 
considered biological (Hiipakka & Liao, 1998). 
 In males, testosterone is mainly responsible for genital size development, 
sperm production, libido, and erectile function and to a lesser extent for hair growth, 
deep voice and body composition.  Interestingly, in females the full impact of 
testosterone has not yet been established, probably due to the complexity of their 
reproductive system.  What is certain is the vital role it plays in female sexual life and 
bone mineralization as low testosterone levels may lead to osteoporosis and 
osteopenia.  In addition, it contributes to physical differences between the two genders 
as, it is argued, males have bigger brains than females but fewer connections between 
the two hemispheres.  Hitherto, the impact of the fewer connections has not been 
proven (Payne & O'Shaughnessy, 1996). 
 Finally, excessive amounts of testosterone in men cause persistent erection, 
sudden cardiac death and liver disease while in women acne, a deep voice and 
excessive hair growth.  Conversely, insufficient testosterone in men leads to lack of 
energy, irritability, anorexia, reduced cognitive functions and poor body composition 
in comparison to women where it causes osteoporosis, persistent fatigue, a reduced 
sense of well-being and reduced cognition and memory function (Nelson, 2005). 
Vasopressin 
 Vasopressin (or Arginine Vasopressin or Antidiuretic Hormone) is a 
neurohypophysial hormone that belongs to the group of peptides. AVP is produced by 
the hypothalamus and it is then transferred by neurons to the posterior pituitary where 
it is stored until it is released into the bloodstream. 
The AVP’s main function is the maintenance of water balance in the human 
body and is released in response to changes in blood pressure levels.  Dehydration 
triggers AVP secretion and causes the kidneys to hold excess water which in turn 
increases blood pressure and volume (Caldwell & Young, 2006).  Furthermore, it is 
responsible for pair-bonding in voles (Lim & Young, 2004), aggressive behavior 
(Carter, 2007), and is associated with social memory and kin protection (Ferguson, 
Young, & Insel, 2002). 
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 Above normal amounts of AVP in the human body can cause hyponatremia 
where the sodium ion concentration is lower than normal.  Hyponatremia is associated 
with liver, heart and kidney failure as well as with pneumonia.  In contrast, 
insufficient AVP can cause excessive thirst and diseases such as hypernatremia, 
diabetes insipidus, polyuria and polydipsia (Reynolds, Padfield, & Seckl, 2006). 
Progesterone 
 Progesterone, a steroid hormone that belongs to the group of progestogens, 
was discovered and named by Willard M. Allen and George W. Corner, his anatomy 
professor (Allen, 1935).  It is primarily secreted by the ovaries and secondarily by the 
adrenal glands and the placenta. 
 Progesterone is produced by females similarly to testosterone production by 
men.  Progesterone production is mediated by the female HPA axis.  It occurs just 
before ovulation and is responsible for the condition of the inner lining (endometrium) 
of the uterus.  The LH production by the anterior pituitary triggers the formation of 
corpus luteum, a tissue created from remnants of the ovarian follicle when an egg is 
released from the ovaries.  The corpus luteum then releases progesterone which 
prepares the body for pregnancy. If the egg is not fertilized, the corpus luteum fall 
triggers a decrease in progesterone levels and another menstrual cycle; if it is 
fertilized, progesterone regulates the condition of the endometrium and stimulates its 
glands to secrete the nutrients that feed the embryo.  The levels of progesterone 
continue to rise gradually until the placenta is finally formed (Allen, 1970). 
Progesterone production in men is not as important to sexual maturity as testosterone 
(Landau, Bergenstal, Lugibihl, & Kascht, 1955).  Progesterone is also responsible for 
the growth of maternal breast tissue, the immune system, anti-aging and the regulation 
of the thyroid gland (Schindler, et al., 2003).  It inhibits OT bounding (Grazzini, 
Guillon, Mouillac, & Zinqq, 1998) and currently, the potential of progesterone in 
preventing preterm birth is being investigated. (da Fonseca, Bittar, Carvalho, & 
Zugaib, 2003).  High progesterone levels have not been proven to be responsible for 
any disease whereas insufficient progesterone during pregnancy causes increased 
menstrual bleeding and can result in a miscarriage.  
Estradiol 
 Estradiol, belongs to the group of estrogens, is the predominant female steroid 
sex hormone primarily secreted by the ovaries and secondarily by the adrenal glands.  
It is present in lower amounts in males where it is produced similarly to testosterone 
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and is an active metabolic product of testosterone (Sharpe & Skakkebaek, 1993).  The 
production of estradiol triggers a chain reaction in other hormones. Initially, the 
hypothalamus releases the GnRH, stimulating the pituitary gland to release LH and 
FSH into the bloodstream.  Next, the ovaries are stimulated to produce estradiol 
which neutralizes the GnRH and the production sequence is repeated (Stricker, 
Eberhart, Chevailler, Quinn, Bischof, & Stricker, 2006). 
Estradiol is responsible for the condition of the female reproductive system, 
the development of breast tissue, bone thickness and alongside progesterone for the 
condition of the endometrium.  It is used to treat the symptoms of menopause and in 
males some forms are used to treat prostate cancer symptoms. Excessive amounts of 
estradiol can cause acne and constipation, or even breast cancer, stroke and heart 
attack. In males it may cause sexual dysfunction, increased body fat and the 
development of female characteristics.  On the other hand, insufficient amounts of 
estradiol can lead to osteoporosis, depression and fatigue (Douma, Husband, 
O'Donnell, Barwin, & Woodend, 2005).  
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Section four 
Experiments on hormonal functions during economic decisions 
 
As afore mentioned, six hormones are correlated to the DM process: cortisol, 
oxytocin, testosterone, vasopressin, progesterone and estradiol.  Although the effects 
of the last three have not yet been thoroughly investigated, it is known that hormones 
affect the DM process as they impact on many variables, including risk preferences, 
anticipations of rewards, cooperation.  
Research has shown that gender differences in DM depend on the hormones 
utilized.  Males are more risk-prone and risk-seeking than women (Eckel & 
Grossman, 2008; Croson & Gneezy, 2009).  Pearson and Schipper (2011) found that 
women are more risk-taking during the fecund phase of their menstrual cycle because 
female sex hormones, such as estrogens, increase the probability of conception, the 
mental and physical wellbeing of their offspring and the genetic variety. 
Despite these general findings, neuroeconomists are more concerned with 
pinpointing the exact hormones that can strongly influence human behavior and DM 
and can alter a risk-return profile.  That is why they have been trying to convert 
theoretical findings into testable hypotheses.  
Primary hormones 
Cortisol 
The economic DM process can be characterized as a stressful situation since 
the decision-maker feels obliged to abandon any of the proffered options and is 
disposed towards a predetermined choice.  As this can be important, a large volume of 
research focused on the DM process in relation to the cortisol released when a person 
feels pressure or threat. 
Mehta (2007) studied the effect of cortisol in the Hawk-Dove Game and found 
that a change in cortisol can be a significant predictor of economic DM.  He showed 
that an increase in cortisol during the game led to cooperative decisions in contrast to 
a decrease in cortisol which led to uncooperative positions.  Kagan et al (1987) and 
Brown et al (1996) had found that increases in cortisol are associated with abortion 
and socializing problems (for example anxiety and internalized behavior) while 
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decreases are associated mostly with low self-control and aggressive behavior. These 
results are consistent with Mehta's findings indicating the existence of a causal 
relationship.  
Coates and Herbert (2008) carried out a significant experiment investigating 
the function of cortisol during economic DM.  For location they used a trading floor 
in London, recruited 17 male traders and took saliva samples two times per day for 
eight consecutive days to test the hypothesis that cortisol would rise on the days 
traders recorded above normal losses.  They did not find any relation between cortisol 
and profits and losses but that cortisol was positively related to the variance of the 
P&L. 
 
Figure 3 – (A) A plot of the mean cortisol of each trader against the standard deviations of his P&L as reported 
by Coates. (B)A plot of the standard deviation of cortisol of each trader against the standard deviation of his 
P&L as reported by Coates 
Source: Coates & Herbert, (2008), Endogenous steroids and financial risk-taking on a London trading floor, p. 
6169 
In addition, they noticed that, in one day, from morning till afternoon, 38% of 
the subjects showed a staggering 500% rise in cortisol levels.  In some subjects, mean 
daily cortisol also changed by 400%.  In a new experiment to test the close association 
of cortisol with uncertainty and novelty (Hennessey & Levine, 1979), they focused on 
the market for derivatives and options to hedge that uncertainty.  Using as proxy the 
implied volatility from futures contracts on 10-year German Bund with one month to 
expiry, they found that the mean daily cortisol levels correlated with the implied 
volatility of the Bund.  Thus, cortisol was linked with the expected variance of the 
market.  Interestingly, these two findings pointed to the fact that traders seemed to be 
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less stressed by failure than uncertainty and volatility.  This was both in accord and in 
contrast to previous findings (Rode, Cosmides, Hell, & Tooby, 1999).  It had been 
shown that human beings, in general, do not avoid uncertain and ambiguous situations 
but before reaching a final decision they take into account their needs, the 
probabilities and the expected outcome.  
 
Figure 4 – Plot of mean daily cortisol against implied volatility of the Bund as reported by Hennessey & Levine. 
The upper line represents the mean daily cortisol while the lower the implied volatility of the Bund. The 
shaded bars display the importance of each economic release 
Source: Coates & Herbert, (2008), Endogenous steroids and financial risk-taking on a London trading floor, p. 
6169 
 Cortisol can have multiple effects on a trader’s risk preferences.  Firstly, it can 
significantly influence the cognition and emotions depending on the amount of steroid 
reaching the brain and the duration and intensity of exposure to the event (Joels, Pu, 
Wiegert, Oitzl, & Krugers, 2006).  If the exposure is intense, cortisol can aid the 
recovery of unpleasant memories, which can act as a negative feedback mechanism 
and recall feelings and thoughts of previous similar instances (Erickson, Drevets, & 
Schulkin, 2003).  Secondly, it may lead to imagined threats where none actually exist 
and ultimately increased risk-aversion. 
Oxytocin 
 Emotions play an important role in DM.  They can alter the preferences of the 
decision-maker and affect the outcome of the whole process. This is the case in 
empathy, an emotion described as the capacity to recognize the emotions another 
individual is feeling at a given moment.  An experiment conducted by Kosfeld et al 
(2005), found oxytocin to be a candidate mechanism that drives empathy.  
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Participants infused with oxytocin showed a remarkable increase in empathy towards 
other participants.   
 Some neuroeconomists refer to OT as the “love” hormone since it regulates a 
range of social behaviors, such as pair bonding (Carter, 1998; Dluzen & Carter, 1979; 
Insel, 1997; Insel & Shapiro, 1992), social recognition (Choleris, Gustafsson, Korach, 
Muglia, Pfaff, & Ogawa, 2003; Winslow & Insel, 2002) and maternal attachment 
(Carter & Keverne, 2002; Insel & Young, 2001; Pedersen & Prange, 1979). 
 Existing information on OT and its effect on individual preferences regarding 
DM are attributed largely to Paul J. Zak.  His 2005 experiment is considered 
fundamental in neuroeconomic circles.  Zak and his colleagues used a sample of 156 
racially mixed, male and female students from the University of California (Zak, 
Kurzban, & Matzner, 2005).  They tested if OT will be higher when people are 
offered a certain amount of money intentionally denoting trust and conjectured that 
OT was related to trustworthiness and reciprocation. 
  They used a TG with two conditional parts, the Intention and the Random 
Draw condition. The participants were given $10 for showing up, were divided into 
random dyads (DM1: decision-maker 1 and DM2: decision-maker 2), and had no 
knowledge of their counterparts. In the Intention condition of the game, DM1s were 
asked to transfer to DM2s any amount of money they wished from the $10 show-up 
fee.  Before the start of the experiment DM1s were informed the amount of money 
transferred to DM2s would be tripled before being deposited into account.  Then, 
DM2s were asked if they wanted to return to their counterparts any of money 
received.  In the Random Draw condition, participants were asked to publicly draw 
from an urn one of the balls numbered from 1 - 10 which corresponded to the choice 
they had made on the first part of the experiment, and were then required to transfer 
the amount shown on the ball to their counterparts.  In the first sub-experiment, DM2s 
returned 41% of the amount received from DM1s, whereas in the second only 25%, 
proving that the amount of oxytocin in the human body is higher when intention of 
trust is involved.  
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Figure 5 – The plot of every return from DM2s for each transfer from DM1s in Zak’s experiment (Black: 
Intention condition, Grey: Random Draw condition) 
Source: Zak et al, (2005), Oxytocin is associated with human trustworthiness, p. 524 
 However, the results brought up another issue for the researchers who wished 
to discover if the DM2s behavior in the first sub-experiment was related to the 
participants' OT levels. Hence, they ran a multiple regression model of 
trustworthiness as a function of OT logs and the amount of money DM2s received 
from DM1s.  The results did verify the second hypothesis and proved that OT is 
indeed related to the signal of trust but does not produce trust itself.  
  Thus, although a causal relationship between oxytocin and the intention of 
trust was confirmed, the direction flow between OT and trust is still a contentious 
issue.  A variation of this experiment was conducted by Baumgartner et al (2008) 
using a sample of 49 male students.  Participants were divided into two equal groups, 
the OT-infused and the placebo-administered.  Both groups were asked to play six 
times a TG similar to the one devised by Zak and six times a RG where a computer 
mechanism replaced the DM2s.  After being informed of the outcome of their 
decisions in the RG and the reciprocation of DM2s in the TG, they played another 
round of six TGs and six RGs.  In almost half of the transactions DM2s were found to 
reciprocate.   
 The interesting discovery from this experiment, however, was that in the RG 
neither of the groups changed their attitude towards risk even after receiving feedback 
about the outcome of their decisions in the first session of the experiment.  In contrast, 
in TG, those on placebo exhibited increased risk-aversion and those on OT did not 
alter their risk preferences at all even after being informed that roughly half of their 
transfers were reciprocated. Therefore, OT affects risk preferences in economic 
decisions only when social risks are involved. Rilling et al (2012) made a similar 
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discovery when OT was found to be definitely correlated with increased rates of 
cooperation following unreciprocated cooperation. 
Oxytocin is not only related with trustworthiness and reciprocation but also 
with generosity. Stanton (2007) found that in Ultimatum Games1, individuals infused 
with OT were more generous.  She used the UG and the DG which is a variation of 
the UG.  In DGs, DM1s are given a certain amount of money and then are asked to 
transfer any amount they want from their account to the DM2s who are obliged to 
accept every offer (Gintis, 2000; Henrich, et al., 2005).   
As such a gesture is made out of pure altruism it is easier to observe the effects 
of OT in decisions.  Before starting the experiment, Stanton infused half of the 
participants with oxytocin and the other with a placebo.  In UG participants infused 
with oxytocin were 77% more generous than those infused with the placebo.  In 
contrast, in the DG the results were a little more complicated. Although there was no 
significant difference in the amounts of transfers between the two groups, out of the 
generous DM1s the OT-infused were more giving than the placebo-administered.  
The outcome implies that oxytocin influences prosocial behavior that does not 
require reciprocation and increases cooperation between strangers even if 
unnecessary.  It is obvious in Figure 6 below that from the “trusting” participants, 
those infused with OT displayed more trust whereas from the “distrusting” those that 
were given placebos were more trusting.   A similar experiment conducted by Zak et 
al (2007), reported that in UG those on OT were 80% more generous while in DG 
there was no significant difference, implying that oxytocin is only associated with 
altruism only if followed by empathy. 
 
Figure 6 – Trust towards Strangers results in Stanton’s experiment 
Source: Stanton, (2007),Neural Substrates of Decision-Making in Economic Games, p.28 
                                                          
1
In Ultimatum games, two players are given an amount of money. DM1 proposes how to divide the money 
between the DM2 and themselves, and the DM2 can either accept or reject the proposal.  It is a one-shot game, 
so reciprocation is not an issue.  
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Barraza et al (2011) demonstrated that although OT did not significantly 
increase the number of donations it did increase the generosity of the donators.  They 
set up a sample of 143 racially mixed participants randomly assigned to either OT 
inhalation or placebo administration.  Participants were told they had to play initially 
a few economic DM games (for example, DG, UG, TG) in order to earn a specific 
amount in order to participate in the experiment.  Then, they were asked if they 
wanted to donate a part of what they earned to charity, either to the American Red 
Cross or the Palestinian Red Crescent Society.  The OT-infused earned a few more 
compared to those on placebo.  40% of those on oxytocin donated money compared to 
32% of those on placebo.  Those on OT donated more than those on placebos, and out 
of those who donated, the OT-infused donated more to the American charity than 
those on placebo. 
 
Figure 7 – Oxytocin and its effects on the donations towards the two charities in Barraza’s experiment 
Source: Barrazza et al, (2011), Oxytocin infusion increases charitable donations regardless of monetary 
resources, p. 4 
Barazza and his colleagues concluded that the presence of OT was related to 
the size of the donation but unrelated to the decision to donate.  From those who 
donated, OT increased donations by 48% compared to the placebo.  Since only 36% 
of the sample decided to donate, in a future experiment the amount of OT infused 
participants could be increased in order to reach firmer conclusions regarding the 
frequency of donations. 
Another of the OT roles it to stimulate in-group conformity (Stallen, De Dreu, 
Shalvi, Smidts, & Sanfey, 2012). On the negative side, Stallen et al found that it 
favors cooperation only when the counterparty is known (Declerck, Boone, & 
Kiyonari, 2010) and in cases of interpersonal controversy it provokes the defeated 
participant's negative emotions such as envy and malevolence (Shamay-Tsoory, 
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Fischer, Dvash, Harari, Perach-Bloom, & Levkovitz, 2009).  For the experiment, 74 
males were recruited, half of which were infused with OT and the rest with placebo. 
The sample was randomly divided to two equal groups and participants were asked to 
rate a variety of symbols on a scale of 1 (not attractive) to 10 (very attractive).  As 
participants were shown the symbols, they could simultaneously see either none or 
one or two or all the ratings given to them by the other team members.  The number 
of ratings seen depended on the researchers because they wanted to test conformity.  
The results revealed the presence of in-group conformity as the participants that were 
given OT indicated preferences close to other group members.  There was no 
observed conformity in the placebo group, a result supporting previous research that 
showed in-group conformity is stronger when the members of the group engage in 
face-to-face interactions (Bond, 2005).  A limitation of this experiment is that it 
accounts only for the situation where the two groups experience opposite answers. It 
would be interesting to observe the role of oxytocin in in-group conformity when the 
two groups experience similar answers. 
In a recent experiment on mice, Guzman et al (2003) showed that oxytocin is 
not entirely a “love” hormone.  It has a 'darker' side which can intensify negative 
emotional memories and provoke fear responses in future stressful situations.  Two 
groups of mice, one without OT receptors and the other with above average receptors, 
were put individually in a cage with aggressive mice to create a stressful memory.  
Next, these groups of mice were reintroduced to the same cage with the aggressive 
mice: those who did not have OT receptors did not remember the aggression whereas 
mice with many receptors exhibited acute fear.  In a later experiment, these mice were 
put again in the cage with the aggressive mice before they were transferred to a small 
box where they suffered a non-painful electro-shock. The next day, when repositioned 
in the small box, mice without OT receptors displayed great fear in contrast to mice 
without OT who displayed no fear symptoms. Such a result suggests that OT 
predisposes the subject to recall negative social experiences and increases anxiety 
levels when faced with new stressful situations. 
Testosterone 
Testosterone, although found in both genders, is more prevalent in the male 
endocrine system and its effects are more frequent in males (Dreber & Hoffman, 
2010).  It is connected to competition as it leads to a positive feedback loop called the 
“winner effect” (Chase, Costanza, & Dugatkin, 1994; Oyegbile & Marler, 2005).  At 
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the winner effect, in anticipation of competition and not competitiveness, testosterone 
increases for the winning individual and falls for the one likely to lose.  The same 
occurs in risk taking, improving yet again the probability of winning (Archer, 2006; 
Booth, Shelley, Mazur, Tharp, & Kittok, 1989).  
Burnham (2007) showed that in UGs, individuals with high levels of T in their 
saliva are more likely to reject low offers.  Sanchez-Pages and Turiegano's (Sanzhez-
Pages & Turiegano, 2010) research found no correlation between T and cooperation 
in one-shot PDGs.  However, this was not exactly the case in Mehta's experiment 
(2007), who used a variation of the PDG, the Hawk-Dove game.  Although she found 
that in the game T was positively correlated with defection, the results differed 
depending on the partner’s behavior.  High T players were more likely to defect when 
playing against a cooperative partner compared to low T players. Interestingly, when 
playing against competitive partners, testosterone no longer predicted economic 
decisions.  This reveals a positive, if uncomfortable, relationship between T and the 
exploitation of subjects showing cooperation.  Individuals with high T seek to exploit 
their partners in the quest for status, whereas those with low T tend to “appreciate” 
signs of cooperation and reciprocate.  This is supported by previous research on the 
effect of testosterone on social decisions (Newman, Sellers, & Josephs, 2005; 
Josephs, Newman, Brown, & Beer, 2003; Josephs, Sellers, Newman, & Mehta, 2006).  
It is also partially sustained by Petersen's et al research (2013) that showed the 
correlation between T and income redistribution after losses is negative for rich 
people and positive for poor. In a recent experiment Boksem et al (2013) 
demonstrated dissimilar results.  A sample of 54 female participants played the TG 
with anonymous partners and the effects of androgens was controlled by only 
employing women on hormonal contraceptives.  Each participant was given either T 
or a placebo sublingually and was asked to play both the DM1 and the DM2 once.  
DM1s on testosterone were found to transfer less on average (38%) compared to the 
placebo-group (54%).  Surprisingly, DM2s on T were found to reciprocate more 
compared to the placebo-administered, confirming the antisocial effects of T on 
human behavior: T was now negatively correlated with trust and positively with 
reciprocation/trustworthiness.  
As mentioned before, Coates and Herbert (2008) showed that high levels of 
testosterone are also correlated with higher returns.  They measured the cortisol and 
testosterone levels of 17 male traders in the City of London. Preliminary data 
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indicated that T would rise on days traders made above-average profits.  They found 
that high morning levels of testosterone were positively correlated with profits for the 
rest of the day.  This can also be explained by the multiple effects of testosterone on 
humans such as increased appetite for risk (Booth, Johnson, & Granger, 1999), 
persistence (Andrew & Rogers, 1972) and fearlessness (Hermans, Putman, Baas, 
Koppeschaar, & van Honk, 2006). However, prolonged increase of T may have the 
opposite results with regards to profits (Dufty, 1989).  
Risk preferences are also attributed to testosterone via side-stream ways such 
as the 2D:4D ratio (or digit ratio).  That is the ratio of the length of the second (index) 
finger over the length of the fourth (ring) of the right hand.  Paul et al (2006) found 
the 2D:4D ratio is determined before a person is born, therefore excluded from 
contributing to an individual’s risk preferences after birth.  Men tend to have a lower 
digit ratio to women and experiments indicate that the digit ratio is positively related 
to prenatal exposure to estrogens
2
 and negatively related to prenatal exposure to 
testosterone (Manning, Scutt, Wilson, & Lewis-Jones, 1998; Lutchmaya, Raggatt, 
Knickmeyer, & Manning, 2004; Schipper, 2012).  Apicella et al (2008), using a 
sample of 98 racially mixed participants, attempted to correlate T and digit ratio with 
risk aversion.  In an investment game each participant was given $250 and was asked 
to allocate any amount they wanted to a risky investment.  The rest, $250-x, was kept 
by the participant. Then, a coin was flipped to determine the realization of the 
investment.  A failure caused the loss of the invested amount while a success added to 
the participant’s account 2,5*x $.   
The results showed a negative correlation between T and risk-aversion.  The 
calculation of the digit ratios of the participants revealed no relationship of digit ratio 
and risk-aversion probably due to the small, racially-mixed sample.  Perhaps, this is 
why Drebber and Hoffman (2007) reported that, in a homogeneous sample of 
Caucasian males and females, for the investment-related task the 2D:4D ratio is 
positively correlated with risk-aversion.   
Nevertheless, when they repeated the experiment in Chicago with a racially 
mixed sample, they found no correlation between digit ratio and risk-aversion, 
verifying the conclusions reached by Apicella, that it is applicable only to 
                                                          
2
Estrogens are primarily female sex hormones, important in menstrual and estrous reproductive 
cycles. 
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homogeneous samples.  Coates et al (2009) correlated low digit ratio with the 
prediction of 20 month average profitability of 44 male traders in London.  
 
Figure 8 – The plot of risk differences against T in Apicella’s experiment. 
Source: Apicella et al., (2008), Testosterone and financial risk preferences, p. 387. 
 Sapienza et al (2009), in order to explore the relationship of testosterone on 
risk-taking, carried out a different experiment. Saliva samples were taken from 550 
MBA mixed gender sample of students from the University of Chicago.   They played 
a computer-game where they chose between a risky lottery and a varying certainty 
equivalent fifteen times.  The effects of T on risk-aversion were measured by using 
the digit ratio and Baron-Cohen (BC) test which experimentalists rated highly because 
it proved that high prenatal T is negatively correlated with the test results (Baron-
Cohen, Wheelwright, Hill, Raste, & Plumb, 2001).  In the test, a participant is shown 
thirty four pairs of eyes and is asked to guess the feelings expressed by the eyes.  As 
expected, men exhibited higher levels of T and risk-taking compared to women and T 
was found to be positively correlated to risk-taking.  When they analyzed this in 
relation to gender, researchers were taken aback as female negative correlation to 
risk-aversion was greater than males.  Such a result introduced the notion of a third 
“mediating” variable that correlated independently with risk-aversion and T.  It also 
meant that testosterone influences risk-aversion non-linearly and/or testosterone 
affects men and women differently. Further research by experimentalists revealed that 
for both genders the negative relationship between T and risk aversion is stronger at 
lower concentration levels of T.  
Zethraeus' et al (2009) findings sawed doubt on the above conclusions.  For 
his experiment, he used a sample of 200 healthy post-menopausal women, 
exogenously administered them with hormones and proved that economic behavior 
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was not correlated to testosterone and estrogens.  Zethraeus defended his findings by 
alleging previous studies in this area to be “spurious” due to publication bias3 
(Easterbrook, Berlin, Gopalan, & Matthews, 1991).  So, there is still a long way to go 
before fully understanding how hormones affect the economic DM.  More research is 
needed to establish whether exogenously administered hormones can have the same 
results with endogenous hormones.  Further, it is vital not only to determine the 
existing relationship between endogenous and exogenous hormones, but also to 
establish the size of administered doses.  
A fairly recent experiment on the correlation of testosterone and risk-taking 
was conducted by Brañas-Garza and Rustichini (Brañas-Garza & Rustichini, 2011).  
They based their hypothesis on the negative relationship between risk aversion and 
reasoning ability (Burks, Carpenter, Goette, & Rustichini, 2007; Brañas-Garza, 
Guillen, & Lόpez del Paso, 2008).  On a homogeneous sample of 188 Caucasian 
people, they measured reasoning ability using Raven’s Progressive Matrices - a test of 
60 multiple choice questions where participants have to identify the missing part of 
large pattern (Raven, 1936).  They measured risk aversion with two choice tasks: a 
simple lottery task where participants chose between a risky lottery and a varying 
certainty equivalent and the Holt & Laury lottery choice task where they had a set of 
nine choices between two lotteries (Holt & Laury, 2002; Holt & Laury, 2005).  As 
expected, women were more risk-averse than men and the digit ratio negatively 
correlated to risk-taking.  They concluded that, for male subjects, reasoning ability 
was negatively correlated to the digit ratio and risk-aversion, as well as that, in males, 
the effect of digit ratio on T is explained to a large extent by its effect on reasoning 
ability, a condition that does not apply to women. 
 Zak et al (2009) discovered that testosterone is also correlated with generosity. 
He used a racially mixed sample of 25 male students, half of which were given a 
placebo and the other half testosterone.  After 6-12 weeks, this procedure was 
repeated in reverse.  In every session participants played each the UG and the DG four 
times - with random re-matching to other DM in each round. DM1s on T were 9% 
less generous compared to those on placebo.  Also, generosity by men on T was 27% 
less than when they were on placebo. The participants were more generous in the 
second phase of the experiment.  Those who were on T in phase one, were 78% less 
                                                          
3
Publication bias occurs when researchers are unable to fully explain the results of their studies and 
present only findings they can interpret, therefore manipulating implications and derivations. 
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generous compared to when on placebo in phase two, verifying previous research on 
learning from repeated play (Camerer, 2003).  In addition, a similar effect was 
observed on the rejection threshold which decreased by 30% from phase one to phase 
two. Zak et al concluded that men with high T levels are more likely to be selfish and 
punish others for infringement of social patterns. 
 
Figure 9 – The UG process in Zak’s experiment 
Source: Zak et al, (2009), Testosterone Administration Decreases Generosity in the UG, p. 2 
Secondary hormones 
Vasopressin 
 Stanton, in 2007, experimented on how AVP affects the economic DM 
process (Stanton, 2007).  A sample of 64 male students from Claremont University, 
half of which were infused with AVP and the rest with a placebo, played the UG and 
the TG.  Her assumption was that participants on AVP would offer less money in both 
games compared to those on placebo as, in contrast to OT, AVP enhances only kin-
protection and not stranger protection.  The results were different to expectations.  In 
UGs, AVP was negatively correlated to generosity in offers under the expected and 
positively correlated in offers above the expected.  She repeated the experiment and 
alongside the AVP she added an OT treatment. She discovered trust was decreased for 
subjects on AVP, confirming that AVP may inhibit OT release in small groups. 
Rilling et al (2012) investigated the effects of AVP and OT on cooperative 
behavior.  91 males from Emory University played the PDG.  Half of which were 
given a placebo, one quarter OT and the other quarter AVP.  At the end of the game, 
AVP-treated subjects were found to reciprocate more frequently than both the OT and 
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the placebo groups.  This suggested that AVP may have stronger effects on 
reciprocation than OT.  
Progesterone 
 Progesterone is a steroid hormone responsible for the condition of the 
endometrium and belongs to the group of progestogens.  In 2009, Buser was the first 
to test for correlation between progesterone and economic behavior (2009). Using 107 
racially-mixed participants, he investigated the impact of female sex hormones on 
economic DM focusing on progesterone.  He found that an increase in women's 
progesterone levels leads to more cooperation and generosity and less 
competitiveness.   
Schipper in 2012 studied the relationship of testosterone and progesterone, one 
sex hormone per gender, with choice under risk conditions (Schipper B. C., 2012).  
He found testosterone negatively associated with the digit ratio and through a Holt-
Laury lottery task he examined the implications of progesterone on economic choices.  
He observed a negative correlation between progesterone and risk-taking in both 
genders as well as the gain and loss domains.  Interestingly, this correlation was more 
pronounced in females in the gain domain whereas in the loss domain the relationship 
was completely reversed. 
Estradiol 
Estradiol is the predominant female sex hormone in the group of estrogens. 
Hitherto, there is little information about this group, or indeed estradiol, apart from a 
couple of studies that may serve as a starting point for further research. 
Uban et al (2012) were the first to correlate estradiol and economic behavior 
by discovering that estradiol regulates cost/benefit DM in female rats. Although there 
is some skepticism about the applicability of their findings on human beings, Camerer 
et al (2005) argued that studying animals, especially mammals, can inform on human 
beings because of their similar brain structures.  
As mentioned, Schipper found estradiol negatively correlated with risk-
seeking in the loss domain in both genders but this correlation disappears in the gain 
domain. He also suggested that in males estradiol is negatively correlated with 
consistency of preferences (Schipper B. C., 2012).  
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Data of fMRI experiments 
Experimental economics have played a crucial role in helping 
neuroeconomists to understand and explain economic DM. Apart from examining 
behavior itself, neuroscientists have used functional magnetic resonance imaging 
(fMRI) to depict brain parts activated by economic decisions (Figure 10).  Compared 
to other imaging methods such as PET, EEG and TMS, since the early 1990’s, fMRI 
has been widely used because of its advantage of higher spatial and temporal 
resolution. During the procedure, a magnetic field is applied and changes in blood 
oxygenation are measured. The brain regions with a higher blood oxygenation are 
considered currently active.  The oxygenated blood sends signals to the fMRI creating 
a multi-colored image.  However, this signal is too weak and requires repetitions to 
reach a conclusion (Huettel, Song, & McCarthy, 2009).  As a rule, next to the image 
there is a color scale depicting the intensity of observed activation.  Although this 
scale is not always the same, intense colors usually depict high volume of activation. 
Apart from the blood oxygenation method, fMRI can be used with other methods, 
such as blood-volume changes, tissue perfusion and even water diffusion. 
Baumgartner et al (2008) randomly administered 25 participants with either 
OT or placebo, who were afterwards instructed to play twelve times each a risk game 
and a trust game.  Those on OT, even after being informed their trust had been 
breached, showed no change in trustworthy behavior.  In contrast to the placebo, for 
the OT group this trust adaptation was depicted by a decreased pre-feedback ACC 
activation and decreased post-feedback bilateral amygdala, bilateral caudate nucleus 
and midbrain regions activation (Figure 11). 
Rilling et al (2012) examined the effects of OT and AVP on cooperative 
behavior.  From a sample of 90 male students from Emory University, 27 were 
infused with OT, 27 with AVP, 36 with a placebo and were all given an iterated PDG.  
In response to reciprocated cooperation, when compared to AVP and a placebo, OT 
had a stronger correlation with the left caudate nucleus and the basal forebrain 
activation. (Figures 12 & 13).  Following reciprocated cooperation, OT was closely 
linked to left amygdala activation.  When compared to a placebo, fMRI research 
showed a strong association between OT and AVP and an increase in the functional 
connectivity of amygdala, as well as of ventral anterior insula - which may well 
explain the somatic marker hypothesis.  AVP was also linked with amygdala 
connectivity, bilateral ventral anterior insula, subgenual ACC and inferior lateral TC.  
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Similarly, OT was characterized by high amygdala connectivity with right ventral 
anterior insula and right inferior lateral TC (Figure 14). 
 
 
 
Figure 10 – Illustration of an fMRI machine. 
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Figure 11 – Higher pre-feedback (a) activation of anterior 
cingulate cortex and post-feedback (b & c) activation of 
bilateral caudate nucleus, bilateral amygdala and midbrain 
brain regions for placebo group compared to OT group. 
Source: Baumgartner et al., (2008), Oxytocin Shapes the Neural 
Circuitry of Trust and Trust Adaptation in Humans, p. 643. 
Figure 14 – Functional connectivity with right amygdala for both AVP and OT groups. Orange = stronger 
connectivity with right amygdala for OT vs. placebo group. Light blue = weaker connectivity with right amygdala 
for OT vs. placebo group. Dark blue = stronger connectivity with right amygdala for AVP vs. placebo group. Beige 
= weaker connectivity with right amygdala for AVP vs. placebo group. 
Source: Rilling et al., (2012), Effects of intranasal oxytocin and vasopressin on cooperative behavior and 
associated brain activity in men, p. 26 
 
Figure 13 – Basal forebrain activation in response to 
reciprocated cooperation for the OT group. 
Source: Rilling et al., (2012), Effects of intranasal 
oxytocin and vasopressin on cooperative behavior 
and associated brain activity in men, p. 25. 
 
Figure 12 – Left caudate nucleus activation in response to 
reciprocated cooperation for the OT group. 
Source: Rilling et al., (2012), Effects of intranasal oxytocin and 
vasopressin on cooperative behavior and associated brain activity in men, 
p. 24. 
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Section five 
Discussion 
An overview and recommendations 
 To recap, the hormones that affect the economic DM process are divided into 
two groups: primary hormones: cortisol, oxytocin and testosterone and secondary 
hormones: vasopressin, progesterone and estradiol.  
 Cortisol is a hormone that has caused disparity.  Initial research showed a 
positive association with socializing problems (Kagan, Reznick, & Snidman, 1987), 
abortion (Brown, Tomarken, Orth, Loosen, Kalin, & Davidson, 1996) and a negative 
association with aggressive behavior (Shoal, Giancola, & Kirillova, 2003).  However, 
recent research revealed that rises in cortisol led to more cooperative decisions.  Thus, 
nothing is certain as the causal relationship between cortisol and cooperation is still 
unclear and the direction of the effect cannot be determined.  Inevitably, this throws 
up a number of questions.  Does cooperation lead to increases in cortisol or vice 
versa?  What is the amount of increase in cortisol that aids cooperation, keeps away 
anxiety and other negative emotions?  Or, what is the possible lower limit before one 
exhibits aggressive behavior?  Such queries are paramount as social patterns occur in 
our everyday economic behavior, let alone their impact on economic DM. Efficient 
choices cannot be made if clear thinking is replaced by anxiety and low self-esteem, 
as such emotions seriously affect one's risk profile.  Perhaps, the exogenous 
administration of cortisol or the introduction of a third variable will throw more light 
into such enquiries.  
Coates and Herbert in 2008 found that cortisol is associated with uncertainty 
and volatility, the expected variance of the market and of P&L. They found no 
correlation between cortisol and P&L. Yet, there are certain drawbacks with the set-
up of this experiment: the sample was too small, the time span too short and the 
period’s volatility low.  In fact, experimentalists report that the realized volatility of 
the German Bund at that time was 3.45% - much lower than the previous 5-year 
average of 4.75%.  Such shortcomings may misrepresent the effects of cortisol and 
alter the outcome of research. Now, if the same experiment was done using a larger 
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sample there may be a greater likelihood for a trader to cope gains and losses that are 
above normal implying a strong relationship between cortisol and P&L.  
Recent work in neuroscience has shown that the secretion of cortisol and 
testosterone during the economic DM process activates certain parts of the brain 
(McEwen, 2001): the amygdala (De Martino, Kumaran, Seymour, & Dolan, 2006), 
the nucleus accumbens (Matthews, Simmons, Lane, & Paulus, 2004) and the anterior 
insula (Kuhnen & Knutson, 2005).  If these brain regions, which are full of OT and 
testosterone receptors, are over-activated, it is believed that people will exhibit 
irrational financial behavior and risk preferences will be altered. Furthermore, if 
exposure to cortisol is intense and prolonged, cortisol helps the recovery of unpleasant 
memories (Erickson, Drevets, & Schulkin, 2003) and increases anxiety and fear 
(Korte, 2001) and maybe risk-aversion.  On a grander scale, given the effects of 
cortisol and its association with uncertainty and volatility, it may exacerbate financial 
difficulties into a crisis. Tongue in cheek, it is a rather temperamental hormone.  
Moving on, oxytocin, the 'positive' hormone, has been linked with trust, 
intention of trust and trustworthiness leading to reciprocating behavior.   Kosfeld's et 
al research in 2005 concurred and introduced another variable, empathy.  Empathy is 
the human ability to recognize the emotions and the feelings of others (Bar-On & 
Parker, 2000).  Empathy along with pair bonding (Carter, 1998; Dluzen & Carter, 
1979; Insel, 1997; Insel & Shapiro, 1992), social recognition (Choleris, Gustafsson, 
Korach, Muglia, Pfaff, & Ogawa, 2003; Winslow & Insel, 2002) and maternal 
attachment (Carter & Keverne, 2002; Insel & Young, 2001; Pedersen & Prange, 
1979) can play an important role in the economic DM.  It can, for example, promote 
cooperation and trust in an investing decision between two partners. However, an 
experiment by Zak et al showed OT is not connected directly to trust but to the signal 
of trust or, in one word, trustworthiness.  
However, these findings cannot determine the direction of the causal 
relationship between OT release and trustworthiness. Although Zak argues that OT 
causes trustworthiness, further research is necessary.  Perhaps, the directional flow 
would become clearer if the controlled environment and familiarity between 
participants were eradicated.  For instance, in an experiment outside the lab with 
anonymity between participants, OT release may be increased and the conclusions 
may be more reliable. It is recommended that future research should include multiple 
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social interactions in order to observe the effect of OT on DM behavior within 
different aspects of everyday life. 
Increases in OT levels are negatively correlated with risk-aversion.  Research 
shows that subjects on OT did not alter their risk-preferences even after feedback on 
their counterparty’s answers. In experiments, OT was positively correlated with 
generosity, altruism and prosocial behavior.  These results suggest that OT’s function 
in the economic DM process is mediated by interpersonal interactions. Trust can be 
seen as a “financial” good, as in many fiscal interactions it is exchanged between 
parties for credibility.  OT and trust, consequently, can affect investing decisions - 
Stallen agrees as he found that OT promotes in-group conformity.  However, such a 
link must be examined from an fMRI perspective to establish if this in-group 
conformity originates from a member-identification system in the brain or if another 
brain network is responsible. Also we do not know if this in-group conformity 
depends on the effects of OT on economic/social comparison with out-group 
members. 
Testosterone, a 'male' hormone, is more prominent and affects men more than 
women.  This is confirmed by experiments using a male sample which indicate that T 
is positively correlated with risk-seeking and the prediction of short-term average 
profitability.  Also, males are predisposed to risk-seeking due to their prenatal 
exposure to T as Coates discovered when a sample of male traders with high amounts 
of T continuously opted for high-risk decisions where most lead to failure. He also 
suggested that excessive risk-seeking and avarice may have led to the recent financial 
crisis.  
It rather begs the question, if the predominantly 'male' testosterone causes men 
to take unwise risks then, why are there so few low-T, risk-averse women working on 
trading floors?  Certainly not lack of ability, as recent research indicated women are 
excellent asset-managers and their skills are transferrable to the stock-exchange.  
Further,  studies have confirmed that an increasing amount of males do not save for  
future but opt for immediate rewards and 'quick fixes', which may lead to debt 
(Griskevicius, Tybur, Ackerman, Delton, Robertson, & White, 2012). This leads to 
the supposition that increasing the percentage of female traders may be wise as it may 
reinstate financial stability. To counteract contentious findings, it is important for 
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future experimentalists to investigate whether the relationship of T with risk-aversion 
holds true for homogeneous or racially-mixed samples.  
In contrast to OT, T decreases generosity. Such opposing results may imply 
that OT and T are cancelling each other out probably because the receptors of the one 
inhibit the receptors of the other.  It is recommended that future research should 
establish optimal OT/T ratio for a rational investor, or the extent to which each 
hormone, in combination with cortisol, affects economic choices. 
There is another facet to high levels of T.  Experiment participants with high T 
levels are more likely to take advantage of displayed intentions of trust and to defect, 
thus affecting cooperation. There is also strong evidence that T encourages selfish 
economic behavior, increases competitiveness and promotes antisocial conduct.  
Having said that, nothing is clear cut as evidence points to the prosocial effects of T in 
economic choices:  it positively correlated with reciprocation.  Further, there is no 
evidence on the effects of T on aggressive and unconventional behavior (Archer, 
2006; van Honk, Montoya, Bos, van Vugt, & Terburg, 2012; Wibral, Dohmen, 
Klingmüller, Weber, & Falk, 2012).  Perhaps prosocial behavior emerges only if 
social threats are nonexistent. The downside of this research is its only-female sample 
so the socio-economic effects of T on males should be examined. In addition, the T 
associated selfish behavior, competitiveness and pursuit-of-leadership T, are not 
always negative as high T levels in the morning predict profits for the rest of the day. 
A word of caution though; a persistent rising of T may eventually lead to huge losses 
due to its inherent high risk-seeking features.  
Vasopressin, progesterone and estradiol have not shown significant correlation 
with economic DM.  However, initial steps in studying these hormones are quite 
promising.  Where both OT and AVP were administered, AVP decreased trust 
between partners, increased reciprocation more that OT and decreased generosity 
following below-expected offers.  This implies AVP decreases trust as it may not only 
inhibit OT release but superimpose its effects when AVP and OT exist 
simultaneously.  Future work has to focus separately on the effects of AVP and then 
examine its interactions with other hormones. 
Progesterone and estradiol, considered primarily as female sex hormones, 
have some connections with the economic DM process.  Progesterone may be 
positively correlated with generosity and cooperation in females and risk-aversion in 
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both genders (stronger in females).  Estradiol was found positively associated with 
risk-aversion for both genders only in loss domain and in males, negatively correlated 
with consistency of risk preferences.  An interesting area for research would be the 
simultaneous investigation of the effects of T and progesterone on risk-aversion and 
generosity. 
It would be interesting to examine the effects of adrenaline (or epinephrine) 
on the economic DM process. Adrenaline can be addictive and many entrepreneurs 
act as “adrenaline junkies”.  They intentionally engage in stressful activities that cause 
adrenaline release, making them feel exhilarated and less able to judge risks 
objectively (Scott, 2013; Stanton, Day, & Welpe, 2010).  Adrenaline also increases 
oxygen in the brain, leading to high energy levels.  By the way, that in itself is a 
recent industry, as Oxygen Bars have opened in the USA, especially in L.A, 
patronized by wealthy punters such as Jack Osborne, Ozzy's son, in search of new 
levels of 'high' and daring.  It would be fascinating to examine if adrenaline can 
perform similarly to T during the economic DM process and confirm if a persistent 
increase in adrenaline can lead to excessive risk-seeking and huge losses. 
Finally, fMRI studies on the effect of hormones on economic DM are 
extremely limited. There are only two studies on AVP and OT; the first depicts a 
negative association of OT with ACC, the bilateral amygdala, the bilateral caudate 
nucleus and the midbrain regions activation. In contrast, the second revealed that OT 
is positively correlated with left caudate nucleus, basal forebrain and left amygdala 
activation.  Both OT and AVP predicted a high functional connectivity of the 
amygdala with the ventral anterior insula.  AVP infusion revealed high amygdala 
connectivity with the bilateral ventral anterior insula, the subgenual ACC and inferior 
lateral TC.  Conversely, OT revealed high amygdala connectivity with the right 
ventral anterior insula and the right inferior lateral TC.  
The fact that the first experiment was feedback-controlled may explain the 
conflicting results observed in OT functions.  It is still to be seen how results may 
vary if OT is examined in an experiment set up with different variables. 
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Conclusion 
 This dissertation has been an effort to bring together all known research, 
critically analyze the results and, if one can be so forward, to make a few suggestions 
'to go where no man has gone before'. (George Lucas, Star Wars).  That is, to identify 
unanswered questions and recommend experiments using new variables to clarify 
controversial results.  As indicated by the title, the focus has been the thorough 
analysis of the role and function of hormones during the economic DM process.  
Establishing a theoretical framework, the first action was to define the relevant 
hormones, their actions and delineate the endocrine secretion. Then, the stages of the 
signal transduction process were presented, hormones were classified, the 
administering and quantification methods were pointed out and the glands that secrete 
hormones were briefly described. Finally, the theoretical framework was rounded off 
by isolating the hormones connected to economic DM, describing each one's 
production and secretion process, identifying their functions and looking at 
imbalances they can cause.  
The hormones analyzed are: cortisol, the stress hormone; oxytocin, the 
love/trust hormone; testosterone is mostly a male sex hormone; vasopressin regulates 
water balance in the human body; progesterone and estradiol are mainly female sex 
hormones. Next, the results of existing research were investigated and Table 1 
summarizes the findings. For instance, cortisol has both negative and positive effects; 
as a stress hormone it is negative by default, it is positively correlated with 
uncertainty, volatility, socializing problems and it favors a negative feedback loop. On 
the positive side, it is associated with economic cooperation and risk-aversion with 
the latter not being always a disadvantage. 
Unlike cortisol, oxytocin is associated with prosocial behavior, generosity, 
donations, reciprocation and trustworthiness.  Although OT may predispose towards 
collaborative actions, it may not aid investors in their quest for profit as it is positively 
associated with cooperative decisions that benefit a group rather than the individual.  
High, but not excessive, levels of testosterone are positively associated with 
profits, reciprocation in females, prosocial behavior and generosity.  On the down 
side, testosterone discourages cooperation, promotes excessive risk-seeking, decreases 
trust, and exploitation of signs of cooperation. 
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Currently, results in the role of AVP, progesterone and estradiol are 
controversial, and research very limited.  It is known that AVP may promote 
reciprocation in response to trusting behavior but cannot instill trust.  Progesterone 
promotes generosity and cooperation in females. It is also inhibits risk-seeking 
behavior in the gain/loss domain for both genders.  Estradiol also inhibits risk-seeking 
behavior in losses and regularly alters risk-preferences in males. 
In the final part, recent experiments investigating the activation of brain parts 
triggered by hormonal secretion in economic decisions were considered.  It was 
shown that only two, AVP and OT, of the six hormones were used in experiments.  
OT is associated with increased activation of the left amygdala, the basal forebrain 
and the left caudate nucleus. However, after participants were informed of a breach in 
their trusting behavior, there was a correlation of OT with a decreased activation of 
ACC, a link with the bilateral amygdala, the bilateral caudate nucleus and the 
midbrain regions.  AVP, on the other hand, has been “charged” with the functional 
connectivity of the amygdala, with the bilateral ventral anterior insula, the subgenual 
ACC and the inferior lateral TC. 
Unraveling the mysteries of the mind is a continuous complex process, 
punctuated by set-backs and renewed efforts.  Discovering the effects of hormones on 
economic behavior is taking a similar course.  As Neave concluded, there is a 
reciprocal relationship between hormones and behavior, knowledge of the full 
implications is still partial and more research is needed to expand and build on 
existing work.    
 
Hormone 
Type of 
association 
Object of association 
Cortisol 
+ Cooperation 
+ Abortion 
+ Socializing issues 
- Aggressive behavior 
+ Volatility of expected return 
+ Expected variance of the market 
+ Increased risk-aversion 
+ Revival of past unpleasant memories and emotions 
Oxytocin 
+ Empathy 
+ Reciprocation on intension of trust 
+ Cooperation on reciprocating behavior 
+ Altruism, only if followed by empathy 
+ Size of donations 
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+ In-group conformity 
+ Revival of past unpleasant memories and emotions 
+ Trust 
+ Prosocial behavior 
Testosterone 
- Compromise on offer acceptance 
+ Exploitation of subjects showing cooperation/trust 
- Digit ratio 
+ Risk-aversion in homogeneous sample 
+ Prediction of 20-month average profitability 
- Risk-aversion stronger in females compared to males 
- Generosity 
+ Punishment 
- Trust 
+ Prosocial behavior 
+ Reciprocation in females 
+ Return 
+ Defection following cooperation 
Vasopressin 
+ Reciprocation on intention of trust 
- Trust 
- Generosity following below-expected offers 
+ Generosity following above-expected offers 
Progesterone 
+ Generosity in females 
+ Cooperation in females 
+ Risk-aversion in females in the gain domain 
+ Risk-aversion in males in the loss domain 
Estradiol 
- Consistency of risk-preferences in males 
+ Risk-aversion in loss domain for both genders 
Table 1 –Research for each hormone 
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